We observe an unusual tunneling magnetoresistance (TMR) phenomenon in a composite of La 2/3 Sr 1/3 MnO 3 with CoFe 2 O 4 where the TMR versus applied magnetic field loop suggests a "negative coercive field". Tracing its origin back to a "dipolarbiasing" of La 2/3 Sr 1/3 MnO 3 by CoFe 2 O 4 , we show that the TMR of even a single composite can be tuned continuously so that the resistance peak or the highest sensitivity of the TMR can be positioned anywhere on the magnetic field axis with a suitable magnetic history of the sample. This phenomenon of an unprecedented tunability of the TMR should be present in general in all such composites.
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by mechanical mixing of LSMO and CFO followed by cold pressing and annealing at 800
• C for 1 hour. Annealing at this relatively low temperature gives rise to reasonably hard pellets, while preventing any inter diffusion between LSMO and CFO components across grain boundaries as confirmed by X-ray diffraction and FESEM-EDS analyses. We show that this composite system exhibits an anomalous negative coercive field for the MR(H ) loop, when compared with the magnetization loop, M (H ). We establish the origin of this important observation as the dipolar coupling of the two components, namely LSMO and CFO. This dipolar coupling leads to unique ways of tuning the TMR behaviour of such a composite material, for example, by allowing one to achieve the highest sensitivity of the tunneling current to small changes in the external magnetic field at any arbitrarily small applied magnetic field.
The TMR response, when viewed over a wide range of the applied magnetic field, for all our samples appears very similar, exhibiting two distinct regimes (i.e. high-field and low-field regimes) depending on the strength of the applied magnetic field. In this work, we focus on the low-field regime of the TMR, shown in Fig. 1 for different samples at 5 K. The black arrows in each figure gives the field sweeping direction. The TMR response of pure LSMO in the forward sweep (thick red line in Fig. 1(a) ) is zero (highest resistive state) at an applied magnetic field that we denote by H In order to explain the observed anomalous TMR behaviour we first look at the hysteresis 3 loops. The magnetization (M ) data collected at 5 K over a wide range of H are shown for a selected set of samples in Fig. 2(a) . M (H ) for each composite, can be grossly described as an average of the significantly different M (H ) of the end-members, LSMO and CFO ( Fig.   2(b) ). While the agreement between thus calculated average M (H ) and the experimentally measured M (H ) for the composites is very good at high H, the agreement is not good at low H (Fig. 2(c) ).
We note that any magnetic interaction between LSMO and CFO in these composites, if present, must manifest in deviations from the additive nature of M (H ), described above.
In order to probe any subtle signature of such a deviation in M (H ) of these composites, It is well known 14,15 that two magnetic grains interact by dipolar fields and this coupling is usually antiferromagnetic, as illustrated in Fig. 3(c) . Thus, for all applied magnetic fields lower than the coercive field of CFO during the forward sweep, CFO grains will have a net negative magnetization that will exert an effective positive field on LSMO grains; in particular, for all negative values of the magnetic field in the forward sweep, CFO grains will exert an essentially constant, dipolar field that is positive and therefore, in the opposite direction to the applied external field. Thus, it becomes evident that the dipolar coupling between CFO and LSMO will help LSMO grains to have a finite positive moment even when the external applied field is still in the opposite direction, as illustrated in Fig. 3(c) , for for H ∼ 0 and giving rise to the apparently anomalous H C , for the LSMO component ( Fig.   3(a) ). In passing, we note that H Dipolar for x = 0.4 sample is estimated to be ∼ 8.5 mT from the apparent H C of -7.5 mT (see Fig. 3(a) ) and the H C (∼1 mT) of pure LSMO (inset to Fig. 2(b) ). In Fig. 3(b) , believe that our experimental data cannot be explained by any other mechanism than the dipolar coupling.
The above discussion, pointing out the importance of the dipolar field in determining the effective field on the LSMO grains, suggests a unique tunability of TMR in such composites.
As we have already noted, the dipolar field depends on the magnetization of CFO grains which can be easily controlled by the maximum external field the sample is exposed to, or in other words, by the magnetic history of the sample. Traversing a minor loop, we can achieve any level of remanent magnetization of CFO grains up to the maximum of saturation remanent magnetization. Having pinned the remanent magnetization of the CFO part, it remains unchanged as long as the sample is not exposed to an external magnetic field comparable to the one used to fix the remanence of CFO grains. Thus, the effective magnetic field on LSMO grains, which is the vector sum of the dipolar field and the external field, is controlled by the original applied field the sample was exposed to, in order to remanently magnetize the CFO grains. This will obviously have two remarkable consequences. First, the low field TMR of the composite will be strongly asymmetric with respect to the external magnetic field due to dipolar biasing between CFO and LSMO grains and the TMR will be strongly dependent on the past magnetic history of the sample. We demonstrate this phenomenon by measuring the low field TMR for these samples, after exposing them to various external magnetic fields between 0.1 and 2 T, as illustrated for the x = 0.3 sample at 5 K in Fig. 4 . Clearly there is a prominent asymmetry and very large tuning of the TMR with respect to the applied external magnetic field. Therefore, the choice of the original, pinning magnetic field allows us to position the TMR in order to achieve the maximum sensitivity at any desired value of the applied field and as close to the H = 0 point as may be required for any application. For example, when the external field is changed from H = -1 mT to +1 mT, representing a ∆H of only 2 mT, our x = 0.3 sample, having been exposed to a H pinning of 0.1 T, shows a 3.8% change in its resistance, which is well within the detection limit. It should be noted here that the TMR characteristic with zero hysteresis combined with an approximately linear variation of R with H forms the basis for many low field magnetic sensors. 17 In passing, we note that our preliminary data at T = 300 K (inset in Fig. 4 ) establish the same phenomenon to be operative even up at the room temperature, suggesting possibilities of sensor designs exploring this phenomenon in the future. Fellowship.
